This paper reports the findings of an eco-driving trial that was designed enable users to make pre-trip and on-route decisions when driving as to the optimal route to take. The basis of this paper will be to estimate how efficiently drivers are performing in relation to fuel consumption per kilometers (KM). The analysis uses details on the vehicle specification, in terms of fuel efficiency, and relates this to the distance travelled to provide the user with information on the efficiency per KM travelled. Eco-driving involves the training of individuals to change their driving patterns and to adapt to driving conditions. The results of the study show that eco-driving feedback is a powerful tool and how it can be used to reduce emissions.
Introduction
In recent years many authors have written about the success of eco-driving and its ability to reduce emissions. Barkenbus (2010) suggests that eco-driving is the overlooked climate change initiative and that following a policy of eco-driving can result in a 10% reduction in fuel consumption which will have a knock on effect of reducing emissions. A range of studies have shown that the benefits from eco-driving can range from a 5 to 20% reduction in emissions (Stillwater et al, 2012) . Beusen et al (2009) examined 10 cars over a 10-month period after taking a course, which provided them with eco-driving training. The authors found that drivers on average had a 5.8% reduction in fuel usage. However, the study showed that the fuel savings deminished over time and drivers went back to their original habits. Delhomme et al (2013) conducted a survey of French drivers to ascertain their opinions in relation to eco-driving and how they feel about adopting eco-driving styles. The findings show that generally respondents said it would be easy to adapt to the eco-driving styles. The results also found that younger and middle aged drivers said it may be difficult to adapt to the driving styles. Boriboonsomsin et al (2011) conducted a study of 20 drivers in Southern California using an on-board eco-driving feedback tool. The findings of the study showed modest increases in fuel economy of 6% for urban streets and 1% on motorways. This was attributed increased congestion in the area. Martin et al (2013) conducted a study of 18 drivers in California using on-board feedback for eco-driving. The study took a similar approach to the one reported in this paper in that the devices were turned off for the first month and then switched on to give drivers feedback on driving style. Similar to the results found in Boriboonsomsin et al (2011) , the authors show that modest improvements in fuel efficiency. In 2012, Martin et al (2012) conducted a longitudinal study of a sample of participants in California. This study surveyed participants over three time intervals to determine if eco-driving behavior would last in the long run using information from an eco-driving website. The study looked at before and after information on how the study worked. The results showed that more than half of the sample improved their eco-driving behavior and that females, those living in smaller households and those with newer cars were more likely to improve eco-driving behavior. Stillwater and Kurani (2012) employed the theory of planned behavior to examine how driving behaviors change using an on-board eco-driving feedback tool. The findings showed that that setting goals for participants and real-time feedback resulted in drivers increasing their fuel efficiency. Rutty et al (2013) examined the impacts of eco-driving on Calgary's municipal fleet. In the study fifteen drivers in a study to reduce the emissions associated with vehicle idling. The results of the study showed that average vehicle idling was reduced by between 4% and 10% per day. Other road users have been examined to ascertain if eco-driving can be applied to public transport drivers. Sromberg and Karlsson (2013) examined bus drivers in Sweden using in vehicle feedback tools to reduce harsh acceleration. The findings of the study showed that a 6.8% reduction in fuel usage occurred in the study period.
The research presented in this paper seeks to examines the potenial of ecodriving over a ten month period. Most of the other studied in this field have taken place over a shorter period of time and few have the high number of participats that this study used. Therefore previous studied have been unable to have been unable to examine a large sample over such a long period of time. The purpose of the research was to determine which factors and technologies have the greatest impacts on the potential emissions savings. The research presented adds to the body of work conducted in this field as it shows the potential differences between several technologies.
Methodology and data collection

Information provided in the trial
The data collected for this study was collected using fully instrumented vehicles and some groups of respondents were provided with real-time eco-driving feedback using an on-board satnav device. Figure 1 shows a screen shot of the information provided to users of the on-board feedback. As part of the active driver feedback the driver was provided with speeding alerts, excessive maneuvers when cornering and braking, idling alerts and real-time fuel consumption information when driving. Drivers were also given traffic information and if routes were congested alternative routes were suggested. Figure 2 shows the device that was used during the trial a TomTom ecoPLUS TM navigation device. The on-board feed back, from the TomTom ecoPLUS TM , provided users with advice in relation to their driving style and routes to minimize emissions.
The 'WEBFLEET' website provided feedback to the participants in relation to their emissions and suggestions to reduce emissions. 
Data Collection and trial
The eco-driving trial started in January 2012, in the Netherlands, and the results presented in this paper track the vehicles up to October 2012. In total 167 participants took part in the trial driving an instrumented Peugeot 107 XS 1.0. These participants were selected after a recruitment drive that advertised for participants in the trial with a description of the main objectives of the trial.
Five different groups were analyzed during the trial period. Participants drove on a mixture of roads and in both urban and rural situations.
Group A: This group had 82 users and these users were provided with on-board active driver feedback for the duration of the trial and access to WEBFLEET online.
Group B:
This group had 27 users and these users were provided with on-board active driver feedback for the duration of the trial and from the 1 st of July 2012 were given access to WEBFLEET online.
Group C:
This group had 27 users and for the first two months had no interventions. Then this group was given both on-board active driver feedback and WEBFLEET online.
Group D:
This group had 16 users and was not given any on-board information. This group was given WEBFLEET online from March 2012.
Group E:
This group had 15 users and they received no information at all on driving style. This group was used a reference group to compare the other groups.
While it would have been ideal to have equal numbers in each of the five groups for the analysis, the decision to divide the sample into the proportions shown above was outside of the control of the authors. To adapt to the different sizes in the samples the analysis presented in this paper is only conducted within groups and then comparisons are made between these groups. Also ideally it would have been better to have more participants in Group E as the control group -but this was outside of the control of the authors of this paper. Table 1 presents a description of the participants contained within the five user groups in terms of their personal characteristics alongside a number of driving related attributes. This has been tabulated in order to determine the degree to which the groups are comparable in reference to their basic features. For all of the variables included in Table 1 , appropriate hypothesis test have been employed to determine if the identified differences between groups are significant.
Examining the outcome of this analysis, it is apparent that the user groups are significantly different from each other for all of the characteristics inspected. Reviewing the personal characteristics of the groups, it is evident that Group D and Group E tend to contain younger participants whilst Group C is populated by older individuals. The gender split between the groups is reasonable similar, though Group D has a higher prevalence of males. In terms of environmental concerns, Group D stands out with a high proportion of participants who are concerned about the environment, which may partially explain why participants of Group D are also the most likely to describe their driving style as economic. Turning the attention to the driving related attributes, years of driving experience tends to follow the variation observed in the age profiles of the groups whilst there are no large differences observed between groups in reference to the distance they drive per trip and the time they spend idling per mile. A larger degree of group separation is identified in terms of time spent speeding, with Group F exhibiting a relatively large average for this characteristic.
Reflecting on the results of these user group comparisons, it is evident that the groups used in this project display a number of visible differences from each other in terms of their personal characteristics and driving profiles. This has likely been generated as a result of the constrained nature of the project, which was unable to follow a strictly random sampling procedure. With this in mind, user group comparisons in the following analysis should be interpreted with caution. However, the user group differences identified in this study are unlikely to significantly affect how participant's behaviour changed over time meaning that temporal variations in the results, such as the degree to which a participant's fuel consumption decreased, are unlikely to be biased. 
Results and analysis
This section of the paper presents the analysis conducted on the data collected in the trial.
Testing for Normality
Initially the data was examined to determine whether or not it was normal or not to determine the best approach with regard to analysing data. Figure 3 indicates that the data is highly non-normal in distribution. As the data is non-normal in nature, a number of standard statistical test are no longer deemed valid. To overcome this problem, a number of non-parametric tests were conducted Figure 3 Tests for normality Table 2 presents a description of the trip characteristics of those participants in each of the groups in the trial. Table 2 presents the average of the sample and the standard deviation of the characteristics of the driving undertaken by each group. The results show that characteristics such as average daily travel distance and the number of trips are similar. 
Descriptive Statistics
Non Parametric Tests Between all Groups
For the purpose of analysis the primary metric under consideration is grams of carbon dioxide produced per kilometre driven. .000 Table 4 presents the means for each of the groups under examination. It can be observed that the highest average emissions are produced by the control group (Group E) and the lowest emissions were associated with Group D. The number of trips represents the total number of trips in each of the groups examined. As engines experience much greater emissions per km in the initial kilometres, due to the effects of start up emissions, it was decided to examine trips of varying distances. Table 5 presents all trips and their aver CO2 emissions per KM for trips 0-5 KM, 5-10 KM and all trips over 10KM. In all cases, as with unrestricted trips, the highest observed emissions are associated with the control group. 
Emissions per group
!
As both groups C and D involved interventions, both coming after two months, it is interesting to compare the mean emissions of users in each of these groups and examine the percentage reduction that the interventions have created. These two groups were isolated as they were the only two that had an intervention after a period of operation. As there are issues regarding data collection, particularly in the first two months, on 9 and 7 respondents, for groups C and D respectively, have enough observations to conduct meaningful analysis. Results indicate that, for both user groups, meaningful and significant emissions reduction has occurred (as seen in Tables 6 and 7) . With regard to Group C average emissions reductions was observed to 8.85%, with the highest observed emissions reduction being 27.5%. The average emissions figure is somewhat skewed by participant number 3, who actually produced an emissions increase of 12%. If this participant is excluded from analysis the figure would be 11.2% Emission reductions for Group D were observed to be even lower than those observed for Group C, with an average emissions reduction of 10.3%. 
Emissions over the time period of the trial
The following section reports the reductions in CO2 emissions from each of the five groups examined in the trial. In order to examine what if any reductions in CO2 occurred the emissions from the first two weeks of driving were averaged and used a baseline to compare subsequent weeks for reductions in emissions. The results presented in Table 8 show the first two-week average and then the data is broken down into 5-week periods to show the changes in emissions over time. The results show that for Group A that there is a drop in emissions from week 13 to week 27 and then there is a rebound and the average emissions increases. The results for Group B show that there is a steady drop in the average emissions in the first 12 weeks of the trial. From week 13 to 22 the results show a greater decline in the average CO2 emissions per KM compared to the other time periods. This time period was when those in Group B were provided with information via WEBFLEET. The results for Group C also show a steady decline in the average CO2 emissions. This group was provided with on-board information and WEBFLEET from week 8. The results show that from week 8 there was a decrease in average emissions. The findings for Group D show that from week 12, when the participants got access to WEBFLEET, that a decrease in average emissions was experience by those in this group. Group E was used as the reference group in this study, as they were given no extra information on driving performance. As one would expect there was little change in the over all average CO2 emissions per KM in this group. In order to ascertain if drivers had different behavior on weekends compared to weekdays the dataset was divided between weekdays and weekends to determine if there was any difference. Table 9 presents the results for the weekends and Table 9 presents the results for weekdays. The findings for Group A shows that on average participants had higher average emissions on weekends. The results from Group B also show a similar trend with higher average emissions on weekends compared to weekdays. These trends are also shown for Groups C, D and E. This section of the paper presents a comparison between the results found for each of the groups to determine which interventions had the greatest impact upon CO2 emissions per KM. Table 11 presents the findings of a comparison on the average weekly CO2 emissions per KM from groups A-D and compared against group E. This set of results shows how each of the test groups preforms against the control group. The results in Table 10 , if positive show that the control group being compared had a reduction in CO2 emissions in the week in question compared to the control group. Whereas a negative result would indicate that that the group being compared to the control group had higher average emissions per KM driven. The results in Table 10 show that on average each of the test groups had a greater reduction in CO2 emissions compared to the control sample. The results show that Group D performed the best with an average reduction in emissions of 6% compared to the control group. Groups A and B also had on average a 4% reduction in CO2 emissions compared to the control group with those in group C having a 3% decrease in emissions. 
Socio Economic Data
In order to explore how the driving related variables measured in this project vary in reference to the personal characteristics of the participants, a cross-tabulation has been conducted with the results presented in Table 12 . The driving related variables which are explored in this analysis are CO 2 emissions per kilometre, kilometres per trip and the time spent speeding during a trip. Hypothesis testing has been utilised to determine if the differences identified are statistically significant. The results of these tests indicate that there is a substantial amount of variance identified, with all of the personal characteristics displaying significantly different averages for the driving related variables included.
In terms of CO 2 emissions per kilometre, it is apparent that participants aged 65 years and older emit significantly more compared to participants in the other age ranges and that male participants emit larger quantities compared to female participants. Participants who stated they are unconcerned about the environment tend to emit higher levels of CO 2 compared to those participants who are concerned, whilst participants who state they have a sporty driving style emit significantly higher CO 2 levels than those who consider their driving to be economic. Whilst the difference observed in the CO 2 emissions of participants of different levels of driving experience is significant, there does not appear to be any substantial variation on this characteristic.
Shifting the focus to kilometres per trip, a number of interesting differences have been identified. Participants aged 65 years or older tend to drive significantly shorter distances, perhaps indicating that their car use is more orientated around local casual journeys. Female participants tend to have shorter trip lengths compared to males whilst participants who stated they are unconcerned about the environment have longer trip lengths than concerned participants. In reference to participant driving style, individuals who stated they drive in an economic manner have longer trip lengths compared to participants who state they drive in a safe manner whereas participants with the fewest years of driving experience tend to have shorter trip lengths.
Whilst not specifically related to the direction of this paper, Table 12 also includes the average time a participant exceeded the speed limit. This variable has the potential to act as an indirect indicator of a participant's willingness to follow regulations which govern road use and may signify how receptive a participant would be to the introduction of new eco-driving protocols. In this instance, it is evident that younger participants who are aged between 18 and 30 tend to speed significantly more than older participants whilst males have a significantly higher average speeding time compared to females. Concerning the stated environmental concern and driving style of participants, significant differences in average speeding time are observed though the magnitude of these differences is not large. In terms of the level of driving experience of a participant, it is evident that those who have between 5 and 10 years experience tend to have high average speeding times than participants in other experiences ranges. With participants being asked as part of the project to state how concerned they are about environmental issues across three different response categories (unconcerned, indifferent, concerned) , it proves interesting to examine the socioeconomic and driving characteristics of these three different participant groups. Table 13 presents an overview of this analysis which employed hypothesis testing in order to identify any significant differences. Examining participants who stated they are unconcerned about the environment, this group tends to be populated by participants between the age of 30 and 50, with a somewhat even gender split whilst having a higher degree of individuals who either classify their driving style as sporty or economic. This finding might suggest that the desire of this group to drive in an economic manner is perhaps motivated by nonenvironmental issues, such as reducing vehicle operating costs. However, unconcerned participants also emit the highest quantity of CO 2 emissions per kilometer, which may indicate that the participants who are included in this group and specified a sporty driving style are more than compensating for those who stated an economic driving style.
For participants who stated they are indifferent towards the environment, this group displays a somewhat even spread over the first three age categories whilst containing a significantly higher number of males compared to the other two groups. In terms of driving style, indifferent participants hold a similar distribution to that of concerned drivers across the three options. Additionally, this participant group also tends to speed for longer periods compared to unconcerned and concerned drivers.
The final participant group covers individuals who stated they are concerned about the environment. This group contains a higher proportion of older participants, with a relatively high percentage of drivers aged over 50. In terms of their driving style, concerned participants have a higher tendency to describe their driving as safe which is perhaps more linked to the age profile of this participant group than their environmental concern. The safe driving tendencies of this group are further supported by the time spent speeding, with concerned participants having the lowest average across all three groups on this metric.
What this analysis demonstrates is that a single question which asks individuals to express their level of environmental concern proves to be an effective method of partitioning drivers into unique groups which display significant differences on a number of related characteristics. The identification of questions which allow for an effective partition of individuals might prove valuable in an attempt to find a working method which can reduce complex market segmentation solutions (Anable, 2005) into a much smaller number of key questions or variables.
Conclusions
An examination of the overall trend seen within the data would suggest that the provision of coaching could help to decrease emissions arising from driving. All experimental groups where some form of coaching was providing display lower emissions per kilometre values than the control group. An examination of the impact of introducing coaching to drivers was provided by Groups C and D, which received in car coaching and WEBFLEET, and WEBFLEET respectively. While both groups demonstrated decreased levels of emissions, it is not possible to ascertain whether the in car coaching significantly improved driver performance.
